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Regulation of nodal signaling
Alexander Schier
Harvard University, Cambridge, MA, USA
The TGF-beta signals Nodal and Lefty are key regulators of
mesoderm and endoderm formation in vertebrates and ES cells.
Nodal and Lefty act as long-range, concentration-dependent agonists
and antagonists, respectively. Recent studies on the role of microRNAs
and protein diffusion in Nodal signaling will be discussed.
doi:10.1016/j.ydbio.2008.05.030
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Chemokine signaling controls endodermal migration during
zebraﬁsh gastrulation
Sreelaja Nair, Thomas F. Schilling
University of California, Irvine, USA
Germ layers undergo several classic directional movements during
gastrulation, including epiboly, involution and convergent-extension.
Involuting cells of the mesendoderm also migrate anteriorly, which has
largely been interpreted as a consequence of epiboly and convergent-
extension. Our experiments reveal a novel role for the chemokine
CXCL12b and its receptor CXCR4a in controlling the anterior migration of
the endoderm in zebraﬁsh. During gastrulation, cxcl12b is expressed by
mesodermal progenitors, while cxcr4a is expressed by the endoderm.
Both cxcl12b and cxcr4a morphants display bilateral duplications of the
liver and pancreas, which we show is caused by a premature anterior
migration of endodermal progenitors during gastrulation due to reduced
adhesion to theextracellularmatrixprotein,ﬁbronectin.Ourexperiments
also reveal that chemokine signaling controls the expression and/or
clustering of integrin receptors in endodermal cells, providing the ﬁrst in
vivo evidence for chemokines regulating integrins. We propose a novel
mechanism in which chemokine expression in the mesoderm holds the
endoderm expressing its receptor, creating a tether which ensures that
these two cell populationsmigrate coherently during gastrulation. Loss of
this tether causes premature anterior migration of endoderm during
gastrulation due to disruption of integrin-mediated cell adhesion. Our
results reveal a novel role for chemokine signaling in gastrointestinal
morphogenesis providing insights into possible causes of gastrointestinal
duplications and ectopic pancreatic/liver tissue in humans.
doi:10.1016/j.ydbio.2008.05.031
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The engineering of developmental regulation
Arthur D. Lander
Department of Developmental and Cell Biology, University of California,
Irvine, USA
Center for Complex Biological Systems, University of California, Irvine, USA
In recent years, the gathering and mining of massive datasets
(genomes, proteomes, interactomes, phenomes, etc.) has prompted
attempts to re-envision biological phenomena as emerging from
complex networks and systems, rather than just being the conse-
quence of linear genetic and biochemical pathways. This seems like a
step forward, but exactly how it advances understanding is not always
easy to see. I will argue that one of the great advantages of the
“systems approach” is that it enables one to assign importance to
components (e.g. genes, proteins, network circuits) by how they
contribute to system-level performance objectives (tasks selected for
by evolution), and not merely by how striking or severe the
phenotypes are when they are deleted. I will illustrate this by
discussing several developing systems in which patterning and
growth are the targets of complex regulation. Drawing from recent
experimental, mathematical and computational results, I will make
the case that only by taking into account selection for engineering
objectives–things like robustness, adaptability, response time, and
noise-suppression–can we make sense of the molecular and genetic
networks we observe. In this regard, biology seems ﬁnally to be
coming around to a viewpoint articulated over 50 years ago by one of
the ﬁrst presidents of the SDB.
doi:10.1016/j.ydbio.2008.05.032
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PDLIM5 is required in secreting cells for canonical Wnt signaling
Jody A. White, Christopher C. Wylie, Janet Heasman
Division of Developmental Biology, Department of Pediatrics, Cincinnati
ChildrenTs Hospital Research Foundation, Cincinnati, OH, USA
PDLIM5, also known as Enigma homolog (ENH), is a scaffolding
protein with an N-terminal PDZ domain and three C-terminal LIM
domains. It is part of the Enigma family of proteins that are well-
conserved among chordates, but whose functions in animal models
have mostly been unexplored. We present the ﬁrst animal model
experiments deﬁning the function of PDLIM5and show that it is critical
to early development, since its depletion blocks dorsoventral axis
formation in the frog. The gene expression knockdown and epistasis
experiments we have conducted in Xenopus laevis demonstrate that
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axis defects result from a disruption of canonical Wnt signaling and
that PDLIM5 functions parallel to or upstream of the Wnt signal itself.
Depletions of maternal PDLIM5 with multiple antisense oligonucleo-
tides all produce ventralized embryos showing loss of expression of
Wnt target genes at gastrula stages. Expression knockdown of mouse
PDLIM5with siRNA inmouse L-cells engineered to overexpress mouse
Wnt3a conﬁrm that the PDLIM5 function is in Wnt secretion. We
discuss the possiblemechanisms bywhich PDLIM5 is required forWnt
secretion in mouse and Xenopus.
doi:10.1016/j.ydbio.2008.05.033
Program/Abstract # 32
Ephrin-B signaling in mouse development
Jeffery O. Bush, Philippe Soriano
FHCRC, Seattle, WA, USA
Ephrin signaling is critical for cell guidance decisions and
boundary formation during development. B-type ephrins are capable
of bidirectional signaling: in addition to their ability to signal through
their cognate tyrosine kinase Eph receptors, ephrin-Bs can also act
themselves as receptors and transduce a reverse signal into the cell in
which they are expressed. This can occur either through conserved
tyrosines on the intracellular domain to facilitate a phosphorylation-
dependent signal, or through binding of PDZ domain-containing
proteins to the cytoplasmic domain. To test the in-vivo requirement of
each of these reverse signaling mechanisms during development, we
have generated mice with targeted point-mutations in ephrin-B1
designed to abrogate each type of reverse signaling alone, or in
combination, while maintaining forward signaling capacity. These
studies have demonstrated roles for forward and reverse signaling in
craniofacial and neural development, respectively. We have also
identiﬁed mechanisms that may explain how ephrin-B1 and ephrin-
B2 mediate boundary formation during development.
doi:10.1016/j.ydbio.2008.05.034
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kerouac is required for proper cilia formation and patterning of
multiple tissues
Scott Weatherbee a, Polloneal Ocbina b, Heather Alcorn b,
Lee Niswander c, Kathryn Anderson b
a Yale University School of Medicine, New Haven, CT, USA
b Memorial Sloan Kettering, New York, NY, USA
c University Colorado Health Sciences Center, Aurora, CO, USA
We identiﬁed a novel recessive mouse mutant named kerouac
(krc), from an ENU mutagenesis screen that displays striking limb
malformations, as well as a suite of other developmental defects.
These include preaxial polydactyly, bowing of the long bones of the
limbs, left–right asymmetry defects, polycystic kidneys, defects in the
ribs and sternum, ventral patterning defects in the neural tube and
perinatal lethality. A number of these phenotypic characters have
been linked to defects in the formation of the cilium, a cellular
organelle that extends into the extracellular environment. Indeed krc
mutants have reduced numbers of both primary and motile cilia and
those that do form display aberrant morphologies. The krc mutation
mapped to the Meckel Syndrome 1 (Mks1) gene, whose protein
localizes to the centrosome (Dawe et al., 2007). Meckel Syndrome has
been reported in the literature since 1822 (Meckel, 1822) and our krc
allele recapitulates some of the aspects of the human phenotype,
providing us with a mouse model to better understand the
mechanisms underlying this human disease. An exciting ﬁnding
from our studies is that in contrast to other mutants with defective
cilia, Mks1 is not epistatic to Shh in terms of neural tube patterning.
Further, krc mutants do not display a loss of Shh signaling in the
developing limb. These observations suggest a novel mechanism of
action for the Mks1 protein compared to other ciliary factors. Dawe,
HR et al. (2007) Hum. Mol. Gen. 16:173–186; Meckel, JF (1822) Dtsch.
Arch. Physiol. 7:99–172.
doi:10.1016/j.ydbio.2008.05.035
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Regulation of C. elegans sex determination by proteolysis of the Gli
protein TRA-1A
Andrew M. Spence a, Mara Schvarzstein a,c, Natalia G. Starostina b,
Edward T. Kipreos b
a Department of Molecular Genetics, University of Toronto, Toronto,
ON, Canada
b Department of Cellular Biology, University of Georgia, Athens, GA, USA
c Department of Developmental Biology, Stanford University, Stanford,
CA, USA
In the nematode Caenorhabditis elegans, the X chromosome:
autosome ratio regulates a signaling pathway that determines sex.
The terminal regulator in that pathway is the Gli family transcription
factor TRA-1A. It is a repressor of several genes that specify male cell
fates, and in its absence, XX hermaphrodites are transformed into
pseudomales. Full-length TRA-1A is detectable at low levels in both
sexes, but hermaphrodites accumulate C-terminally truncated, phos-
phorylated forms of TRA-1A that are largely absent from males. These
truncated TRA-1 proteins have feminizing activity. Genetic evidence
identiﬁed FEM-1, FEM-2, and FEM-3 as negative regulators of TRA-1A.
All three are required to prevent accumulation of TRA-1A derivatives in
males. The FEM proteins are components of a CUL-2 cullin-based
ubiquitin ligase complex, inwhich the ANK repeat protein FEM-1 serves
as a substrate-recognition subunit to target TRA-1A for ubiquitin-
mediated proteolysis. Proteolytic processing and degradation are
important in the regulation of Gli proteins by Hedgehog signaling in
insects and vertebrates, and our results indicate that despite very
limited similarity to Hedgehog pathways, the C. elegans sex determina-
tionpathway employs similarmechanisms to regulate the nematodeGli
protein, TRA-1A.
doi:10.1016/j.ydbio.2008.05.036
Program/Abstract # 35
Exploring the basis of functional redundancy between
transcription factors
Natalia V. Kirienko, John D. McEnerney, David S. Fay
Department of Molecular Biology, University of Wyoming, USA
Genetic or functional redundancy is a widespread feature of
eukaryotic genomes and may be largely attributable to the complex
and overlapping nature of many regulatory networks. Despite the
prevalence and importance of this phenomenon, the mechanistic bases
underlying genetic redundancy have remained elusive, particularly
within the context of multicellular developing organisms. To gain a
deeper understanding of this phenomenon, we have focused on a
synthetic genetic interaction between lin-35, a C. elegansmember of the
pRb/pocket-protein tumor suppressor family and slr-2, a Zn-ﬁnger
protein. Whereas single mutants in either lin-35 or slr-2 develop
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